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SUMMARY=___ ~:—=... ..”-..+- .:--- z..= -;<-:. m#.:- ,. :=:: 7..—.. - .= ..= ..----.-

‘ Model No, 11-! was designed as an imp.rovenent ov_er
-N.,A.C~l. Model fro.”Il,=h ~o’~ltite”%es% of W%ICTI i~-”de-
.“scribed $n ~.~.~;.~, Technic@. Note No. 464. ‘In cOnt.ras+
with the’ longitudinal: upward curvaturs” in the pl’a~$ng”%ot-
tom forward of the main step on Model_~o* 11, the planing

——-..—

bottom of Model No. 11-A was made as <la* as practicable.
Otherwise, the two models have very nearly the same form.

The results of towing tests mada, UnModel~o~ 11-A
in the N.A.C.A. tank o~er a w“ide rang”~”’of sp;ee~ load on
the water, “and trim= ang-~e &e ‘“-resefiteit-both a–s oWi–gin~al
test data ~d” as nondimension al coefficie”tits. A compari-
son is made with similar resul~.s from the- .tes~”of~~od.e~”
No. Ila The p=act!.cal sign~ficance “0$ %he” i@roTem%fif”Ob-
tained is demonstrated by .applyigg ~heda~_a from the new
form to the tllustrattve design problem US@ in the note
on Model No* 13~ -— .-...—

INTRODUCTION

One of the major items on the research p“rogram for
the ~.A.C.A. tan-k-is a- e.tudy of the %ehavior of flying-
boat hul”ls on the” wateri ‘As-a patit of this program, a
family of five models, consisting of a~are.nt form and
four systematic variations, has been K6sted~

-.——
The -parmu&

form is represented by Model No* 11~

Zt was thought that “the fore-and-aft upward curvt%ture
in the foreb~dy forward of the step_ in .Moael EOO II was
too great ~d that %etter porformarice WOUIK be o>tainq~by
making the for-abody straigh~ ‘Zoi-“a-~”gF6at a dtstan-~d”f.o-re
ward of thq step as was practicable. A netiforeliody ifis
designed and built in accordance wtth this idea and asfmm-
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bled with the original afterb~dy. The combination was defl.
ignatedt’N. A. C.A. Model No. n-A. n

This model was tested in the N.A.C.A. tank at Langley
R’ield, Va.$ over a wide range of speed, load on the water,
and trim angleo In addition to providing a direct compar.
ison between the models in question, this sort of ~comp~etell
tept enables a gonoral comparison to be made with other
known typos. As the number of such tests on representa-
tive hzlls is increased, the question of relattve merit
among then will become increasingly easier to answer- The
test data. of Model No. 11-A are presented for this purposet
as well as to provide knoyn water characteristics by which
the geomotric form may he directly applied to a new design,
The method for using these data in determining optimum’ si~e
of hull, e,ngle of wing setting (incidence), take-off time,
and length of take-off run is described in detail in refer-
ence 1*

DESCRIPTION OF MODEL

Model No. 11-A was made of laminated mahogany to a
tolerance of *OQ02 inch on dimensions. The prlnclpal lines
are shown in figure 1 and completi faired offsots are given
in table I. Tilefollowing particulars apply both to it and
to Model No. 11 from which i-t was derived.

Length (including tail) . . . .. . . . 8 ft.

Length of forebody , . . . . . i 4 ft.

5eaI.p . . s . s . . . . . . . . . . , 17 in.

Depth .0 . . . . . . . . . . . . . 14 in.

I!epthof step . . . . . . . . . . 0.56 In.

Dead rise at step . . . . . . . . . 22-1/2°

Included angle between .forebody
and afterbody . . . . . . . . . . 6.5°

The model dimensions and offsets may be readily con-
verted for my-size of hull, when the optimum scale ratio
is determined.
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Since the fore- and-af’; curvature in the forebody-ne~r

.7

the step on Model No. 11 was thought to have an adverse
effect on ~o.th its resistance and. Its spray characteris-
tics., fQe fpre%ody buttocks, keel, and chines of No. 11-A
~ere made “without curvat-.+pe as far forward from’ the step.
as was.practicable before forming t-he b-ow. The- cross sec-
ttons in this region are straight ~ines-. ““”~~e forward keel
line at the step has.an angle of 1 with the base line.
Near the bow, the chines rise r“apidly a~d th-e &r–oig seC-

.-.

tions become hollow.
.

. ..- ,..
.Af$ qf the step, Models ‘I?o.11 and 1?;. ll--L ar”e~~en-

ttcalah The bottom terminates in ,a relatively narrow
‘I”sternpost;-lY&ft of which the hull is p-rincipa”t%y a-support
for the tail surfaces and may vary considerably among di”f.
feren,t .d~.signs with little. eff?ct- on~performance.

.“-.. . . . .
. .. ... .

. . ti”PAIIAiPUSJWD ‘TiS~—=~HOD ‘--. .-.

—-.
— — — .-

—
.’-

The equi~rnent of. the-l? .A.C.A.,’tank for testtng models
of se;p-~aie”-floats and hulls is described in referen-ce 2.

..

The value of the”data obtained from this tank is greatly
enhanced by the use of comparatively large models, which
perrnit,more accurate weighing of the f“orces tnvolved, while
the difference between converted test resul~-s ari~”a-c%ua~
full-pcale forces is reduced, : . ~= “- ‘-:-=“~”-=

,.-.,. +-: .--, — :— ,“.’-.
The”sma~l-towing gear desc~h-~d in reference 2 waZ7~-

used w“heu testing Model No* 11+% . The dss~~~ ~~a~ on %%e
water, however, was adjusted by geazis of counterweights -
instead of by the hydrovane lift device employed when the
grofis load and get-away speed of a model ar~ specified in
advance. In a series of constant-speed runs, simultaneotis
values of speed, resistance, and &raft were taken, as sell
as the moment required to hold the model at the angle of
trim desired. Photographs were taken at desired intervals
throughout the test for a study of wave and spray forma-
tion. ““With the modeZ at re,st, ,the longitudina~ righting
moments and drafts were ob.ser.tiedfor several loads and an-
gles of trim. — .—— .— — .. .. _ -—

.
—

1



4 N. A. C:A. Technical Note 190. 4’70

.

-..

.
. .

,, RXShJTS ‘
.,
“.,

T4st ,data~- Net values of ‘resistance, trimming moment,
and.d~aft, obtiained by deducting the usual tow~ng-gear tares
and corrections from the observed -data are given “in table
11 ~or:various loads and’ speeds ad for several trim angles.

The &ir drag of the model is included in the net re-
sistance given. The conversion of the air drag from-model
to full scale follows the same law as that assumed for the
water resistance; honco, the air drag of the..full-sized
hull..should be omitted from the estimated air drag of the
airplans ,mhen applying these results to a take-off calcu-
lation”. ““’t.

The center ah-out which moments were take?i is shorn on
figure 1. The measured moments must be transferred from
this point to the actual center of gravity for any given
design, Moments which tend to raise the bow are considered
positive.~u, .

.,
., Thj ~~afts given in the table are the distances from

the free.q,water surface to the point of the keel at the
,,Wt ‘qp.-

.
~igures 2 to 6 were plotted from the data of table

11. !L?heyshow the resistance and the trimming moment plot-
ted.agai~st,speed with .the load on the water as a parame-
ter. Figur’es12 tg 5 pres~nt extensive data for trim an-
gles of 3°, 5°, 7,’and 9 , The curves for the additional
trim angles 2°, 4°, 6°, 10°, and 11° in figure 6 were used
to assist in the determination of the minimum resistance
and the angl? at which it occurs for various speeds and
loads, ag:,will be explained under Derived aata~ The drafts,
being, o~.secondary importance, were not plotted, but this
may readily be done from tho data in %able II*

,The.~l~ngitudinal righting momonts of the model at
rest. for~xarious displacements aae shown in figure 7. The
interco”p-~s”on the horizontal axis wI1l give the trim anglo
at rest for the various loads. Eore, too, the center of
moments is that shown in figure 1 and the righting moments
must be transferred to the actual center of gravity of the -
desigm. that is being considered,

Figure 8 shows the observed drafts at rest plotted
against displacement for various angles of trims Knowing

.

.
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the trim, these cnrves may ’be uses.tO ara= th~-%at~r line
on the hull profile. ,, . ....

Load on water , *o.3,1~. . .

Resistance +0.1 lb.

. .
““’”’*O;lf.p.s..-spee&, *’:.,,,,?t-.

. — -“- —- ?... ... . .z. -
,,

Trim angle “- ‘“ “’ “-+O.10
j-em.,

.,. ..7‘.“t.
Trimming moment; ‘ : &.O lb.-ft. “ ‘ ~.T”.’-

,“.. il..

Derived dat ~.- Inasmuch as the hull should run near
the b~t trim angle d-ming teke-off, “the’-aPl?licafi-=n of
the test tiesul%”s Is ctinsidera%ly Sitipliffed %y:ros&f&ir-
ing the resistarice against trim angle. Froti these cr&+SZ,
th-~ minimum resistance and the triin angle at which tt i&
obtained are found for ariy speed amd lea-d. Ylgures 9, 10,
and 11 are the resu~ts of this operation, plott;ed in noiiri
dimensional form so that thby may” be used for any size bf

‘ hull and with a-ny con’sister+t system of uh%ts. The nondi-
mensional coofficien,ts ,adopted are a$ follows: .—

Load coefficient. ‘CA
Ac ‘“--=-.- —Mb=

., ”.”.;.,
.-,.

,,.
. ,.-

., —
R’esistan@ coefficient CR = ~ . :.

.—

Wl)

.1. .Speed coefficient Cv
m

wh~re A is the.load on the watef, lb.
--

.

R, resistance, 1%, >— -—_ _
..

w, weight i$pnsity of water, lb./cu.ft.

b, beam of-hull, f+.
-—-.

, —.
V, speed, f.p;s~- -

.-
“g, acceler~tfon of gravtty, ft./sec.2 “-

___

. .
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w= 63.6 lb./cu.ft. for U.A.C.A. tank water and i~ ufJual-
ly taken as 64” lbb’/cu.ft.*, for sea water. , . ,

The application of figures 9, 10,’ &d 11 to design
problem= is fully descri.be,di$n “reference L and will not ba
taken up in this note. .

Rel~ti&e ‘Merit of Model
.“,,.

It was believ,ad,tha~ Model No. Y.1-A, having a fore-
body with less upward curvature than that of Uodel No. 11,
would show better water performance and spray characteris-
tics, An analysis of the test results shows that this be-
lief was Justif%ed and thet Model No. 11-A has marked su-
periority in tioth respects.

‘. . .

Perfo
. ..’

rmanc~.-”A” comp.ari’so”nof .resAstance between mod-
els tested by the ,complete method.m.ay be carried out by
plotting the nond,imqnsional ratio, load/resistance (at best
angle)., against load .coefficient CA, .at”representative
speed coeff~cieqts CV. !Jh$s procedure was follo”wed for
“Models HOa. II. ~~ ZO*, $1-A anti the results are given in
figure 12. Your ropre80n$ative values of Cp wero chonon;
namely, one at ‘the hump,, one whore load/rosistanco is noar-
Iy constant:otror a rangolof CA, and two well out in the-
planing region. It will be seen that Model No. lL-~ shows
considerably greater load/resistance ratios at the lower
c~ values and retains its superiority, although to a lsss-
er degree, at.higher Cv valuess The ratio at the hump
for this model remains above 5.0 for practically all load-
ings found in good practice, and shows Impidvement of from
22 to 25 percent over that of Uodel No. 21.

The practical value of; such improvement may be ohown
?Jy reworking the take-off problem in reference 1, using
the- sane method throughout but substituting the data of
~ioiielNo. 11-A for-that of Model NoO’ 11.

In this problem the followibg design. condit~ons were
assumed: .,

Gross load . . . . . .. . , . . 15,000 lb.
b ..’ t

Wtngarea . . . . . . . . . . 1,000 Sq.ft.
.,,

Power . . . . . . . . . . . . . 1,000 hp..
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Effective aspect ratio including
—ground effect . . . . . .-. . . 7.0

Parasite drag coefficient, ex-
cluding hull . : . . .“ .“ . .-,..7 O*O5

Airfoil ... Clark Y (data taken ‘from .

7

—.—. .

N.A.C.A. 97.2. ~0. 352, p. 26)

. Thrust .... linear variation with speed
from 4,000 lb. at O f.p.so
to 3,150 lb. at 100 f.p’.s.

In”the”example of reference 1, the S“ize of hul~ wa—s”-
-----._._

. ~rived at by assuming a.yalue of 0035 foy CA at the
P hump spe6d, which” gave a load/resistance ratio of 4.5 and

a beam o,f 101.5 inches; The superior over-all perform-
anc~ .of Model No, 11-A indicates that a smaller hull is

*
permissible. Accordingly, the “value of ..CA at the hump
was assumed to be 0~40, which for this form gives a loail/
resistance of 5.3 (see fig. 12) and a beam of 9609 inches~
This beam was used to obtain the results given below. A
still smaller be”arnwas also trted. %ut did not give Es ~“ood
results. Although this latter ce,lcuIati~~ sho~~d slight-
.Zy l?wer high-speed resistance, the advanta+e was more
‘“%han offs-et by a higher hurn~ r“al!istance. . .

The best n.ng~e o~ wing setting fou@ by the method de-
scrtbed in reference 1 wtis 6S7°. This value w&s assumed
for the calculation,

Using figures 9, 10, and 11 for finding the water re-
—

sistance and following the method outlined in reference 1,
the tak.e~off time and distanEe,W’W5 obtained. “These val-
ues compare with the previ’ous example as follows:. .. . ____ —

.. __._--_ —.
Modgl No. ~1 ~-odel No. 3.1-A Reduction.’

percent

Time, seconds 50 38 24.0

Run, feet 3,120 2,410 ,22.8
<.,’.. i- 4 _ -.

In the preceding calculations, it was assumed that
the hull was near the trim arigle for. minimtim.water resist-

U.’
ante during the entire take-off, and that there was no
winds
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There is Zittle’di. fference in the values of maximum
trimming momenta at the same trim augles between the two
ferns. Model No. 11-A, however, will he moro difficult to
hold near the best trim angle qt the hump speed since this
angle is approximately 2 l’owor than that of Modol No. 11,
and a much larger positivo moment results from running at
the lower angle. For conventional designs, the center of
gravity wduld probably havo to’bo moved forward to attaizn
this angle.

52B3Y“cllaractgristi.g&.- Model Xo. II-A was obeorved
to have & better spray formation throughout tho tests.
The natures of the sheets of spray, or ‘lblistersl~, thrown
by the two forebodes aro shown in figures 13 and 14e A
close study of the photographs will indicate the detrimen- .
tal effect o-f the curvatwr-e found in Model No. 11.

In praotice, the blisters from a hull having straight
T-sections are oftea reduced by spray strips fitted to the
forebody chines which deflect the water downward as it
‘leaves the hull. Uhe cleanness of running of both Model
No. 11 ‘and Model No. 11-A would yrobably be impro~ed by
this means.

R’fgure 15 shows the appearance of the bow blisters
thrown from Model Nom II-A under condition usually ob-
tained while taxying. It is difficult, however, to judge
accurately the seaworthiness of a certain- form of bow from
tank tests In smooth water.

CONCLUSIONS -

ghe water resistance of Model No. II-A in the neigh-
borhood of the hump speed and at planing speeds is loss
than that of Model No. 11 at the same speeds. Yor the samo
load on the water, the bettor form of Model No, 11-A makes
it possible to use a sma~lor hull than is roqulrod with
Model No. 11. This decreaso in sizo should rc+duco tho
weight of tho hull and the aerodynamic resist-co.

-For this typo.of hull, tho tests indicate that longi-
tudinal upward curvaturo such as is found in Model No, 11
is detrtiental to satisfactory performance and spr~ char.
acteristics.

.

.

.
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Compared wfth other hulls regarding which dataare ‘“‘ “’”
available, Model i~o, II-A has excellent characteristics.
By the use of the data presented. herein, its geometric
form may be directly applied to a variety of projected de-
signs, .

—-

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Vs., August 7S 1933.

REFERENCES

1, Shoemaker, James M., and Parkinson, John B. : A Complete
Tank Test of a Model of a FLying-3oat Hull - N.A.C.A..
Model 2?0. 11. T.N. No. 464, N.A.C.A., 1933.

w 2. Truscott, Starr: The N.A.C.A. Tank - A Iifgh-SPeed Towing
Basim, for Testing Models of Se’apl.aneFloais@ T.R. No.
4’70, N.A.C.A., 1933.

—.



I
‘k

Sta.
$0.

F.P.

~

l%
“2
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7
8
9
10
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L1

L2

13

L4

L5

stern
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F.P.

o

2.40

4.6Q

7.20
9.60

14.40

19.20

24..00

28.80

32.60

3e.40

43.20

48.00

48.00

52.80

57.50

63.40

6’?.20

72.00

76.00

76.80

al.m

86.40

91.20

96.00

TABLE I *

Offsetsin Inchesfor I?.AX.A. Model Ho. 11-A Fl~ng-B@t MI ;.

B1

Keel

11.60

4.00

10.43 6.25

L1.80 8.89

L2.44 10.Z8

Lam 11.30

L3.29 J2.25

L3.48 12.’70

13.58 12.92

L3.66

L3.75

13.E’2

13.S2

L4.00

Mstance below base line

w
B2 & B4 B5

3,00 4.%) 6.00 7.6(

6.97

8.68 7.51

9.88 f?.77 7.93

11.27 10.37 9.56

11,92 11.1’s 10.49 9.&

E .25 11*62 10.97 10.X

13.44 1 Distance frmn center
line (planeof a}-try~

L2.97 to buttods (sectionof
L2.51 lmll surfacemade by a
L2.04 verticalplane pml-
1,1.58 lel toplana of s~
11.11 metry)
LO.74
?.24

k
.

lain

:Ltineco-r<

4,0Q

5.27

6.33

7.19

7.93

9.00

9.63

9.99

Lo.17

:0.24

.0.32

.0.4)

.0.48

9.92

9.45

9.16 8.=

9.16 7.5?

9.48 7.21

.0.04 7.11

.0.66 7.1(

Ippr Main

hina (him

0.25
2.25

3.81

5.03

6.00

7.25

7.94

8.28-

8.43

8.49

8.50

8.50

8.50

8.50

8.50

8.10 8.10

7.09 6.97
6.17 5.0’7

5.38 2.59

.20

4.65

4.C)O

3.40

2.85

2.33

.

bye

—

1.10
;.97

;.07

!.59

.20

—

w-bretitha

Jpper ~llm m WI14 WL5
~hine I

%.50 11.m 9.60 8.00 6.50

0.23 0.68 1.34
0.38 1.14 2.08 3.55
1.04 2.24 Z.m

0.31 1.79 3.48 5.84
1*14 3*41 6.12
1.88 4.89
2.42 5.92

aDi&nce from base line
to water line (e6c-
tion of hull surface
made by a horizontal
plWM parallelto
base line)

8.40

6.11

7.58

6.7?

5.78

4.61

3.31

1.90

I

*

1

)
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TABLE 11

Teat Datafor~.A.O.~.ModelHo.11-A~lyL~aBoatEull
Kinematiov$.sooslty- 0.00001446&see.
Testdates; April13-15,1933
Watertempe2atu7es60°?.
Tankwaterdeneity:63.6lb.Per ou.ft.

Trimengle,T = W

Load
lb.

Speed
f.p.e,

Re~hganoe T;&mt~ D~ft
.

lb.-ft. ntep
in.

-2.8 0.9
2: -3.6 .7
5.5 -4.5 .6 (

5 42.5
46,7
51.8

4a.4 6.7 -3.6 1.0
48.7 7.4 -4.5
61.8 7.6 -6.4 1::

Trim engl

a.z I 1*7
a.a 1.?

-Ii-
1.65
1.6.
1.5
lea
1.2
1.1
.7
.8
.65

—-
6.4
6.7t

-
17.’7
:..:

a410
25.4
&l.:

42:8
46.9
51.4

18.9
20.8
24.0
28.0
31,?

z::
46.8
51.4

-

-iG-

5

Loo 23.6
43.5

.

2.? I*7
2.0 .7

.’7
:::
4.e -i~;
6.0 -2.0

-2,7
::: -4.5

80 6.9
15:

1::; 12.5
11.a 14.5

2!2.8
38.8

%:

5.0
6.9
6.8E
6.8

*

60

z
L
6.8 4.9

1::! :::
11.2 11.1
13.2 ::.:
14.6
23.7 18:8
26.0 la.9
30.1 13.8
?S.7 15.7

u3.a
86.L
a7.o

E::
6a.o
64.6
52.4

%:i

1;:;
;:.:

34:8
41.8
43.6
41.8
41.0

%::
31.3
24.4
17.5
1;.:

a:6

13.8
13.8
11.3
9.6

:::
.

:::

-1:1
-2.0
-2.7

5.3
5.1
4.8
5.OE
4.G

+~.

2:5
a.a

4.3:
4:2
4.1
4.1

:::

H

%
2.6
a.6
all

%

2.9
a.e
2.6

%:

$:
2.06
1.5
1.4

::?
1.1

0.7
::: .’7
as -0a
:.:

-ii?
3:0 -1.1
:.; -a.o

-2.0
4:0 -3.0

.-
—Trim angle, 7“~4

I 60 38.6 13.1 3.4 1.7
I I I I I

I 40
I

-1.9 1.s
z:: 1!:: -3.7 1.4 I

ao 38.6 8.6 -s.7 1.1
43.6 ~.: .9
49.2, u . .9

\
Trtmengle, 7 =“6° ‘“ “

9.1 . -o.a
13.6 al.8
16.0 22.:
17.8 .

.2.5
1::; ~5.:
11.6
13.1 2&::
16.3
16.3 36;6
14.4 61.1
13.8 28.8
18.9 19.1

100

80

7.1
8.9
9.9
11.2

$;
$:.:

la;6
13.a
a3.4
28.8
a9.o

i“
6.6
6.7
6.s
8.5

-.
6.1’
S.8
6.6

b..
. . . ,.

-,

T
13.2 3.4
14.2
1s.9 H
17.7
1s.0 :::
19.7

::;
%::
26.0

!5.1
31.5 :::

g::
7.4

. ;::

20.-.

5.8
5.70
5.76

‘::5
2.5

4 --1”— {
~. .: ____= — .+-—-=-==.

—-— —
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17.A.O.A.l’eolmioalNote Eo. 470
TA2U II (Oontinued)

Table2 (IIoat’d)

Test Data for H.A.O.A. HoclelNo. 11-A Jlying-2oat -1
~t a

Kinematioviaooeity.= 0.00001446 ~.

Test dates: Apsll 13-45, 1933
Vater tempezature8 5Cl F.
Teak water density: 83.f3.lb.Per OU.ft.

Trim eagle,

loadspeed Ezesi:ganoeTrinmdng D~&t
lb ● fops. ● moment

lb.-ft. ratep
in.

60 5.5 0.8 5.3
;:; 7*4 5.1
10.0 8.4 ::!
12.1 9.1 18.8 :;:
13.1 ~o.a 54..1 4*9
14.8 11.0 4.8
le.s 11.8 z:: 4.s6
18.4 11.0 67.6 4.05
19.9 LO.6 48a g.:)
al.7 lo.a 55.7 .
a4.6 10.7 19.2
ae.7 10.7 14.0 .~:~6
a8.e 11.6
34a u.a ::: 1:85
35a 11.7 1.05
39.4 la.6 -i:; 1.6

40 3.7, 4.4 4.35
u -1.9 :.:

::.; :::
6.a $: :

;:;? $.;
i:! a8k

16.6 6.3 ,$:
18.4 %::
19.8 ::; 13.1 a:75
31.6 6.a 8.7 2.5
a4.o 6.7 6.1 a.a
25.7 3.4 a.o
a8.8 ;:$ 1*9
34.0 8.6 -a:: 1.6
35a 8.8 . 4.4 1.5
39a
44a 1::: 2:: H

20 13.3 a.8 6.1 a.v
14.7 3.0
16.7 .::: :::
18.3 N a.a
ao.o 3.a :::
::.; 3.4 :::

-?:: 1.7
a6:8 H -1.9 1.6
31.3 6.0 -a.7 l.a
34a 5.7 -3.6 1.0
30.5 7.0 -5a 1.1
41.4 7.6 -5.3 l.l
44.0 -5a .8
49.8 ;:: -8.0 .9

10 18.a 1.7 0.8 1.7
ao.o 1.8 1.4
al.8 a.a :1:$ 1.3
a4.a a.4 -1.9
a6.7 a.9 -1.1 ;::
31.6 -1.9 l.o
34.1 ::: -3.6 .85
39.0 -a.8
44a ::; 4.4 ::
50.0 . -6.0 .7

yf pp, ~a~:g-e T:~ny D:f*
● . . .

lb.-ft. fg’ela
.

6 20.0 1.2 -1.1 1.0
al.8 1.6 -1.1 .8
a4.3 1.7 -101 .9
26.6 a.o -1.1
31.8 :.: -1.9 ::
34.0 -1.1 .7
35.8 31a -1.1 .0
39.0 -a.8 .6
41.2 ;:! ~a.8
44a -a.8 ::
50.a 6:3 -3.6 .5

-*
—-..

Trim angle, T = 6“
—

60 I 39.9 I la.$ -6*9 1.36

I 40 39.6 10.4
I I 1.35

44.6 la.6 -2:: 1.a5
1“ ! , ,

r i

ao 39.8 7.6 -7.1 .!36
44.4 9.0 -8.9 .86
44.7 9.6 -8.9 .86

100

80

60

8.5
9.7

1%:

Trim engle, 7 = 7°

la.7
14.s
14.7
17.4

10.0

7.
7.

&
9.

%
10.
10,
;:.

.
1106
la.7

-7.0 6.65
-1.7 6.3

6.a5
la:? 6.a6

-9.6
4.5
-&;

a8:l
60.3
6s.s
66.6
48a
ao.a
9.6
0

-11.4
-6.7
-8.;

‘%:a
34.9

x:;
15.8
8.9

4:?
-10.6

4.96
4.75
4.7
4.7
4.7
4.3
3.96

.— —.. ----.. ... r== --

—
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l’T.A.O.A.Technlod Note No. 470 Table 2 (Conttd)

TABUi II (Clontinuea)

Test Data for IJ.A.O.A.Model No. 11-A ~ying-Boat Hull
ft a

Kinematio viaooslty = 0.00CQ1446~c
. Teat datea: April 13-15, 1933

Vatex temperature: 500 F.
Tank water dengity: 63.6 lb. per ou.ft. “

Speed Reei;;anae
f.p.a. . __uTrhmlng D~ft Load 8peed Red.;&noe Trh&;g D~ft

moment lb. f.p.s. ,
lb.-ft. step lb.-ft. step

in. in.
I

Trim angle, 7 = 7° Trim angle, T = 9°

4,01

:::
3.6{

1%

. 5!

3:11
a.?
2.3
2.0!
1.7
1.3!
1.4

80 12.1
13.0
14.8
15.7
16.1
16.1
15.6

-ay;

a3:6
85.8

%:
9.6

40 8.5
9.9
10.0
11.1
13.1
15.0
16.8
18.4
;3.;

25:6
39.9
36.7

-14.8
-11.4
-9.8
- 2.8

1:::
8.7
3.4
.9

:2:; .
-6.9
-11.4

11.2
la.8
14.o
15.5
17.5
19.5
al.3

5.15
S.a

::$
4.0

:::

.

.

%:
14.0
16.6
1?.9
19.?
21.4

11.3
12.3
13.8
15.8
17.9
19.0
21.1

-18.4
::: - 3.5
10.8
11,3 1%;
11.8 6.9
11.7
11.9 - :::

4.s
4.4
4.0

“:::”
a.5
2.4

3.16

;::
a.3
2.2
2.3
1.85

2.4
2.2
2.0.
l.~
1.91
1.7
1.5
1.3
1.0!
.9

20 11.4
13.3
14.6
16.9
18.6
80.1
22.8
a6.4
g.:

.

3.2
3.4
3.a
3.7
3.7

-7.1
-3.6
-2.7

:1::
-2.6
-4.4
4.4
-6.9
-8.7

-14.9
::: -7.9
7.0 -3.6
7.4 -3.6
7.7 -3.6

-3.6
$; -4.4

. .

:::
4.9
5.0
7.8

ao

10

—
6

16.0
17.7
;;.:

.

18.0
19.3
21.0

19.4

4.0 -6a
4.3 -60a
4.6
5.0 2::

:::
1.7
1.3

10 16.8
16.6
20.0
22.8
25a
30..1
36.0

-1.8
-1.8
-1.8
-3.6
-3.6

2:$

1.3
1.5
1.3
1.1
1.0
1.0
.8 -+!44

1.a5
1.1
1.0

.45 :;.:

25:4
25.6
30.1

1.s
2.6
2.8

;;;

-0.9
-2.6
-a.6
-2.6
-3.6

1.1
1.0
.6

:;

5.9
5.8
6.7
5.7

::;
3.’7

him angle, T = 10°
.-

100 13.9 19.0 14.9 5.45
15.6 al.3 48.1 5.15
17*4 al.7 49.0 4.7s
18.8 21.6 38.5 4.15
ao.a 21.7 24.5 3.3s

Trim angle, T = 9°

100 11.a
::.;

15:8
17.0
19.1
21.0

16.8 -20.2
16.9 - a.6
18.0 14.8
al.5 62.1
al.6 69.1
80.9 57.6
20.4 43.6

—

Trim angle, T = 11°.
Wo 13.8 19.5 5.35

15.9 a2.2 3;:$ 4.65
~7.a a2.3 31,6 4.25

.
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N.A.C.A.Technical Note No.470 Fig.6
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Loail 80 lb., Speed, 15.1 f.p.s.

Figure 14.-Sprey photc

rigs. 14,15
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~graphsat 7° trim angle.
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